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RESUMO 
A doença de Alzheimer (DA) é a doença neurodegenerativa mais comum que afeta o idoso. 
Sintomas causados pela doença como problemas de memória e déficits cognitivos podem 
levar ao declínio da saúde bucal e da função orofacial. Este trabalho foi realizado no formato 
alternativo, tendo sido dividido em dois capítulos. O capítulo 1 comparou a percepção de 
qualidade de vida relacionada à saúde bucal (QVRSB) coletando dados de idosos portadores 
da DA em grau leve e de seus cuidadores, correlacionando estes dados a achados clínicos de 
qualidade das próteses. O capítulo 2 avaliou a função mastigatória de portadores de DA em 
grau leve comparada a um grupo controle de idosos saudáveis, correlacionando a mastigação 
com o estado cognitivo. Para tanto, participaram do estudo idosos usuários de próteses 
removíveis diagnosticados com DA em grau leve (n = 16; 77,2 ± 5,8 anos), um grupo controle 
de idosos saudáveis  (n = 16; 76,0 ± 4,4 anos), pareados por gênero, idade e condição 
dentária, e os cuidadores dos idosos portadores da DA (n = 16; 51,7 ± 11,1). A percepção da 
QVRSB foi avaliada por meio do questionário Geriatric Oral Health Assessment Index 
(GOHAI), aplicado aos pacientes com DA e seus cuidadores para verificar a consistência de 
respostas entre cuidador e paciente. A percepção da QVRSB de paciente e cuidador foram 
então comparadas com a qualidade de próteses, avaliada por um pesquisador treinado. A 
função mastigatória foi avaliada por meio da performance mastigatória (PM) utilizando o 
alimento teste Optocal e o método de fracionamento em peneiras. O Mini Exame do Estado 
Mental (MEEM) foi aplicado aos voluntários com e sem a DA por um examinador treinado, 
para analisar o estado cognitivo. Para o capítulo 1, os testes de Wilcoxon, qui-quadrado e as 
correlações alfa de Cronbach e de Spearman foram aplicados para analisar a concordância 
entre os escores GOHAI obtidos dos pacientes com DA e dos seus respectivos cuidadores, 
bem como a concordância entre os escores GOHAI e o índice de qualidade de próteses. Para o 
capítulo 2, os dados relativos à PM e MEEM foram submetidos ao teste T e à correlação de 
  
Pearson. Todas as análises estatísticas foram realizadas no software SAS com nível de 
significância de 5%. O escore GOHAI geral entre pacientes com DA e seus cuidadores foi 
similar (34,38 ± 2,33 vs 32,94 ± 3,45, respectivamente, P = 0,262), com índice de correlação 
alfa de Cronbach bom (0,71). Não foi encontrada correlação entre os escores GOHAI e a 
qualidade das próteses. Em relação à função mastigatória, os pacientes com DA leve 
apresentaram PM (P <0,01) e MEEM (P = 0,01) diminuídos em relação ao grupo controle, 
tendo a PM demonstrado correlação negativa moderada com o MEEM (r = -0,696). Desta 
forma, este estudo mostrou que a percepção da QVRSB foi avaliada de maneira similar pelos 
pacientes com DA leve e pelos seus cuidadores, porém sem associação com os achados 
clínicos de qualidade das próteses. Foi encontrada associação entre a DA em grau leve e 
prejuízo da função mastigatória. 
Palavras-chave: performance mastigatória, declínio cognitivo, doença de Alzheimer, saúde 
bucal, autopercepção. 
  
ABSTRACT   
Alzheimer's disease (AD) is the most common neurodegenerative disorder affecting the 
elderly. Symptoms caused by the disease as memory problems and cognitive deficits can lead 
to a decline of oral health and commitment of orofacial function. This work was carried out in 
alternate format, divided into two chapters. Chapter 1 aimed to compare the perception of oral 
health-related quality of life (OHRQoL) collecting data by mild AD patients and by their 
caregivers, correlating these data to clinical measures of prostheses quality. Chapter 2 aimed 
to evaluate chewing function of elderly in mild AD compared to a healthy control group, 
correlating chewing to cognitive state. To do so, elderly wearing removable dentures 
diagnosed with mild AD (n = 16, mean age = 77.2 ± 5.8 years), a healthy control group (n = 
16, mean age = 76.0 ± 4.4 years), matched for gender, age and dental status, and AD patients’ 
caregivers (n = 16, mean age = 51.7 ± 11.1) took part in the study. The OHRQoL perception 
was assessed by using the Geriatric Oral Health Assessment Index (GOHAI) questionnaire, 
applied to the AD patients and their caregivers to check the consistency of responses between 
caregiver and patient. The OHRQoL perception of patients and their caregivers were then 
compared with prostheses’ quality, evaluated by a trained researcher. Mastication was 
assessed by masticatory performance (MP) by using the artificial test food Optocal and the 
fractioning sieving method. Mini-Mental State Examination (MMSE), applied to the 
volunteers of the control and experimental groups by a trained examiner to measure cognitive 
state. In Chapter 1, the Wilcoxon test, chi-square, Cronbach's alpha and Spearman 
correlations were applied to find out correlation between the GOHAI scores of AD patients 
and their caregivers, as well as the correlation between GOHAI and prostheses quality scores.. 
In Chapter 2, data relating on MP and MMSE were submitted to the T test and Pearson's 
correlation. All statistical analyzes were performed using SAS software with 5% significance 
level. The general GOHAI score between patients and their caregivers was similar (34.38 ± 
  
2.33 vs 32.94 ± 3.45, respectively, P = 0.262), with good Cronbach’s alpha correlation (0.71). 
No correlation was found between GOHAI scores and prostheses’ quality. Regarding 
masticatory function, patients with mild AD showed MP (P <0.01) and MMSE (P = 0.01) 
decreased in the control group, and the MP demonstrated moderate negative correlation with 
the MMSE (r = - 0.696). Thus, this study showed that the QVRSB perception was evaluated 
similarly by mild AD patients and their caregivers, but no association with the clinical 
measures of prostheses’ quality were found. Mild AD was associated with an impaired 
chewing function. 
Keywords: masticatory performance, cognitive decline, Alzheimer's disease, oral health, self-
perception. 
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INTRODUÇÃO 
O envelhecimento populacional vem alterando o perfil de mortalidade da 
população, com consequente aumento das doenças crônicas não transmissíveis (Jones et al., 
2012). Dentre essas doenças estão inseridas as demências senis, sendo a doença de Alzheimer 
(DA) a causa mais comum de demência no idoso.  A doença de Alzheimer causa declínio 
progressivo das funções cognitivas e compromete a memória, produzindo grande impacto nos 
indivíduos acometidos, levando a perda de autonomia, incluindo a necessidade, na maioria 
das vezes, do auxílio de um cuidador para o desempenho das atividades de vida diária, 
afetadas pelo declínio cognitivo (Reiman & Caselli, 1999). O comprometimento cognitivo e 
da memória podem afetar, ainda, a forma como o indivíduo se comunica e dificultar a coleta 
de dados subjetivos relacionados à saúde. 
O declínio cognitivo ocorre devido a alterações neurofisiológicas cerebrais, perdas 
de grupos celulares e sinapses (Reiman & Caselli, 1999). O cérebro apresenta atrofia cortical 
difusa, degenerações grânulo-vacuolares, perda neuronal, emaranhados neurofibrilares 
formados a partir da hiperfosforilação da proteína tau, e grande número de placas senis 
provenientes do metabolismo anormal da proteína precursora do amiloide, que conduz ao 
acúmulo do peptídeo beta-amilóide (Thal et al., 2008; Cummings et al., 2010). Tais alterações 
ocorrem em estruturas do lobo temporal medial, incluindo o hipocampo e o giro para-
hipocampal, no córtex entorrinal, amígdala e prosencéfalo basal, regiões do cérebro 
envolvidas com aprendizado, memória e comportamento emocional (Mattson, 2004). Com 
isso, há ocorrência de comprometimento cognitivo, como raciocínio mais lento, dificuldade 
de assimilar novas informações, desorientação espacial e lapsos de memória (Ghezzi & Ship, 
2000).  
A memória corresponde à capacidade de adquirir, conservar e evocar 
informações, sendo os principais sistemas a memória sensorial, a de trabalho ou operacional, 
e a memória de longa duração, subdividida em memórias episódica, semântica e de 
procedimentos (Izquierdo, 1989). A memória operacional tem por função possibilitar a 
realização de tarefas do dia-a-dia, compreensão da linguagem, raciocínio lógico e resolução 
de problemas, e é afetada na DA desde os estágios iniciais (Förstl & Kurz, 1999). As áreas 
cerebrais envolvidas no funcionamento deste tipo de memória são o córtex frontal, córtex 
entorrinal, parietal superior e cingulado anterior, e hipocampo (Ono et al., 2010). Estas áreas 
cerebrais estão também relacionadas com a função mastigatória (Lexomboon et al., 2012; 
Okamoto et al., 2010). Durante a mastigação, há aumento do fluxo sanguíneo cerebral e 
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ativação de áreas corticais somatosensitivas, motoras suplementares, córtico-insulares, corpo 
estriado, tálamo e cerebelo (Momose et al., 1997; Onozuka & Fujita, 2002), evidenciado pelo 
exame de ressonância magnética funcional (RMI). A mastigação resulta em aumento dos 
níveis de oxigênio na circulação sanguínea do córtex pré-frontal e do hipocampo, que são 
fundamentais para os processos de memória e aprendizagem, e melhoram o desempenho em 
testes cognitivos (Onozuka & Fujita, 2002; Hirano et al., 2008).   Em acréscimo, a mastigação 
afeta a morfologia e função dos neurônios do hipocampo, fundamentais no processo de 
aprendizagem (Ono et al., 2010). O comprometimento da função mastigatória leva a 
hipertrofia de astrócitos, implicando no aumento da produção de citocinas, como interleucinas 
da micróglia, que causam degeneração morfológico-funcional de neurônios e astrócitos. Este 
tipo de alteração vem sendo apontada como uma possível causa para o comprometimento 
cognitivo relacionado à idade (Ono et al., 2010).    
As causas e mecanismos que levam à demência não são completamente 
compreendidos, mas alguns fatores de risco têm sido identificados (Gatz et al., 2006; 
Lexomboon et al., 2012; Bettens et al., 2010). Estudos epidemiológicos têm indicado que um 
número reduzido de dentes pode ser um fator de risco para o desenvolvimento de demência 
(Lexomboon et al., 2012). Experimentos em modelo animal têm sugerido que a perda de 
dentes naturais está relacionada ao declínio das funções de aprendizagem e memória e que o 
fluxo sanguíneo cerebral regional é influenciado pela mastigação e oclusão (Momose et al., 
1997). Em acréscimo, Onozuka et al. (1999) relataram relação significativa entre o declínio 
da função mastigatória, a degeneração dos neurônios do hipocampo e perturbações da 
memória espacial em camundongos  idosos. Estes resultados permitem hipotetizar que o 
declínio da função mastigatória pode representar um fator de risco para demência.  
Estudos em humanos constataram que o número médio de dentes presentes, a área 
de contato oclusal mediana e o valor médio de força máxima de mordida são 
significativamente menores para idosos com deficiência cognitiva, quando comparados a 
idosos com função cognitiva normal (Miura et al., 2005; Kondo et al., 1994). Estudos também 
apontam associação entre número reduzido de dentes e maior risco para desenvolvimento de 
demências (Stein & Mark Desrosiers, 2007; Kim et al., 2007; Stein et al., 2010) e da DA 
(Kondo et al., 1994; Gatz et al., 2006).  Estes dados sugerem que a mastigação é uma maneira 
não medicamentosa e simples de prevenir demência senil e outras desordens associadas à 
disfunção cognitiva, como a DA (Ono et al., 2010). 
A perda de dentes e declínio na função mastigatória podem, ainda, impactar na 
qualidade de vida, saúde geral e hábitos alimentares dos idosos (Yoshida et al., 2011). No que 
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concerne a idosos com demência, estudos anteriores encontraram resultados contraditórios, 
com (Lee et al., 2013) ou sem (Ribeiro et al., 2012) diferença entre os grupos controle e com 
DA em relação à autopercepção em saúde bucal. Estudos posteriores (Ciccíu et al., 2013; de 
Souza Rolim et al., 2014) verificaram a relação entre as condições de saúde bucal e seus 
impactos na qualidade de vida, porém sem comparar a um grupo controle. Entretanto, até o 
presente não há um questionário validado para uso em idosos portadores de demências, sendo 
os questionários aplicados na presença do cuidador, que confirma as respostas (Ribeiro et al., 
2012; Lee et al., 2013; Ciccíu et al., 2013; de Souza Rolim et al., 2014). O autorrelato da 
condição de saúde oral torna-se importante porque constitui uma ferramenta para entender as 
necessidades odontológicas dos pacientes em geral, e naqueles com DA no contexto das 
alterações que possam estar ocorrendo devido à presença da doença (Henry & Wekstein, 
1997). Coletar dados de autorelato de paciente com demência é importante, ainda, por dar voz 
aos pacientes, mantendo dignidade, autonomia e o senso de identidade (Buckley et al., 2013; 
de Vries, 2013). 
Desde que a função mastigatória pode estar associada com prejuízos na função 
cognitiva e motora (Henry & Wekstein, 1997), este estudo se propõe a descrever a função 
mastigatória de idosos brasileiros portadores da DA comparando a grupo controle saudável, 
bem como comparar a percepção de saúde bucal, sob a ótica do paciente e seu cuidador, com 
aspectos clínicos objetivos de qualidade das próteses.  
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Este trabalho foi realizado no formato alternativo, conforme a Informação 
CCPG/002/06, da Comissão Central de Pós-Graduação (CCPG) da Universidade Estadual de 
Campinas. 
O artigo apresentado no Capítulo 1 intitulado “Oral health-related quality of life in 
mild Azlheirmer: Patient versus caregiver perceptions” submetido à publicação no periódico 
Special Care in Dentistry, conforme demonstrado no Anexo 7 deste documento 
O artigo apresentado no Capítulo 2 intitulado “Cognitive impairment affects 
masticatory function in Alzheimer’s disease” será submetido à publicação no periódico 
Clinical Oral Investigations. 
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Abstract  
Purpose: To compare perceptions on oral health-related quality of life (OHRQoL) between 
Alzheimer disease (AD) patients and their caregivers by using the Geriatric Oral Health 
Assessment Index (GOHAI). Correlation between GOHAI and prostheses quality was also 
performed.  
Methods: GOHAI was applied to 16 AD elders and their caregivers. GOHAI index was 
compared to objective measures of AD patients’ prostheses quality, rated by a researcher. 
Data were submitted to Wilcoxon signed rank and qui-square tests (α = 5%). Cronbach’s 
alpha correlations verified the concordance for GOHAI scores between AD patients and 
caregivers. Spearman’s correlation was used to explore concordance between GOHAI scores 
and prostheses quality indices.  
Results: Total GOHAI scores from AD patients and caregivers were similar (P = 0.262). 
Overall Cronbach’s alpha was good (0.71). There were no correlations between GOHAI 
scores and prostheses quality. 
Conclusion: AD patients assess and self-report their OHRQoL similarly to their main 
caregiver. 
 
Keywords: Alzheimer’s disease, quality of life, self-perception, oral health. 
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Introduction 
Dementia is one of the biggest challenges facing the world today. The number of 
elders with dementia worldwide is expected to soar from the current 44 million to 76 million 
by 2030,
1
 and Alzheimer’s disease (AD) is the most common cause.  AD is a progressive, 
degenerative disease of the central nervous system that results from neuron loss of unknown 
etiology and causes a decline in physical and mental functions.
2,3
  Considered a major public 
health problem,
1
 AD affects 3% of individuals aged 65-74, 19% aged 75 to 84, and 47% over 
age 85.
4
  
At present, there are no curative therapies for AD,
5
 and the primary goal of 
treatment is to maximize quality of life (QoL) by improving functional and cognitive 
performance; delaying decline in activities of daily living; stabilizing neuropsychiatric 
symptoms such as mood, behavioral disorders, and depression;
6
 and assisting patients and 
caregivers to obtain necessary care and services.
4
 
QoL can be affected by oral health.
7
 Tooth loss, injury to soft and hard tissues, as 
well as the use of unsatisfactory prostheses can lead to limitations on chewing, speech, and 
individual’s social life.7 Typically, oral health-related quality of life (OHRQoL) ratings are 
based on self-reports, which reflect the subjective nature of a person’s experiences.8 A 
consensus exists on the importance of obtaining self-assessed QoL and OHRQoL from 
individuals who are able of conceptualizing this construct and responding meaningfully to 
assessment items.
5,9 
In the case of elders with AD, self-reported measures has been also 
valued for respecting the autonomy and voice of the person with dementia
8
 and for preserving 
their sense of identity.
10
  
Measuring OHRQoL and determining its correlates enables care providers to 
target effective interventions designed to improve the well-being of patients.  However, 
collecting self-reported data from AD patients has conceptual and practical challenges 
because dementia impairs memory, insight, judgment, and problem solving and affects 
attention, behavior, personality, and communication skills.
5
 The ability to process information 
declines progressively, and responses become delayed, which can influence the ability to 
comprehend questions and express an opinion of one’s own subjective state.11  
The literature is controversial as to whether patients or caregivers should provide 
self-reported ratings for AD subjects.
5,12,13 
 According to Logsdon et al. (2002),
11
 reports 
about cognitive limitations can be obtained from a close relative or caregiver of the affected 
person throughout the course of the disease. On the other hand, it is important to emphasize 
that caregiver ratings may be influenced by their own expectations and belief system, prior 
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relationship with the person being rated, and current levels of depression or burden.
11,13 
 Thus, 
both disease processes affecting the AD patient and factors affecting the caregiver can lead to 
discordance between patient and caregiver ratings.
11 
Evaluations of patient self-perceptions about oral health are particularly useful as 
a treatment need indicator and to determine whether oral health influences overall QoL.
14,15 
However, there is no validated instrument to assess OHRQoL in elders with dementia, and 
clinicians often become reliant on caregivers as the primary source of information.
16
 Previous 
studies
17,18
 have assessed OHRQoL in elders with dementia using the Geriatric Oral Health 
Assessment Index (GOHAI), which is a widely-used validated questionnaire
18
 that was 
specially designed for elderly patients.
7
 In those studies,
17,18 patient’s answers were confirmed 
with caregivers, reflecting doubt about self-perceptions and self-reports of oral health, as well 
as concerns about whether patients and caregivers would respond similarly to the 
questionnaire. Furthermore, it is unknown whether subjective reports from patients and 
caregivers about their oral health correspond to clinical findings. Therefore, this study aimed 
to examine perceptions of OHRQoL in mild AD by collecting patient and caregiver ratings 
using GOHAI, correlating these scores with objective clinical measures. 
 
Methods 
Participants 
This cross-sectional study included two groups of subjects: AD patients (n = 16, 
aged 76.7 ± 6.3 years) and their caregivers without AD (n = 16, 51.7 ± 11.1 years).  
Participants were recruited from the Program of Cognitive and Functional Kinesiotherapy in 
Elderly with Alzheimer’s Disease (PRO-CDA) at Paulista State University “Julio de Mesquita 
Filho” (Rio Claro, São Paulo, Brazil) and from the Brazilian Alzheimer’s Association 
(ABRAZ, Piracicaba, São Paulo, Brazil).  Subjects were included in the AD patient group if 
they were at the mild stage of AD, were receiving treatment for AD, and wore removable 
prostheses. AD was diagnosed by a neurologist using the International Classification of 
Diseases (ICD-10), Diagnostic and Statistical Manual of Mental Disorders (DSM-IV), Mini-
Mental State Examination (MMSE), and Clinical Dementia Rating (CDR) scale. Individuals 
were required to have a CDR score of 1.0 or less, indicating that cognitive impairment did not 
exceed the level of mild dementia.
19
 Besides, all AD subjects must be able to attend clinical 
session and research evaluations at Piracicaba Dental School. 
The caregiver group was composed of patient’s main caregiver, who were the 
daughter (69%), wife (25%), or brother (6%) of the AD patient. All caregivers were not 
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affected by AD or other forms of dementia, verified by applying the MMSE, and did not have 
diagnoses of major depression or any other mood disorder. The present study followed the 
1964 Helsinki Declaration, and the consent form, which was signed by both AD patients and 
caregivers, was approved by the Ethics Committee of Piracicaba Dental School (#43/2013), 
University of Campinas.  
Objective assessments 
As the aim of the present study was to compare perceptions on OHRQoL in AD 
patients, reported by themselves and by their caregivers, the sociodemographic and oral 
characteristics data were collected from all subjects in order to characterize sample. To 
objectively assess oral health, clinical examinations were performed using a probe, mouth 
mirror, and flashlight to evaluate each subject’s teeth, removable prostheses, and presence of 
oral pathologies, such as ulceration and prosthetic stomatitis. The number of teeth present was 
registered, and teeth were categorized as decayed if they were cavitated; missing if they were 
extracted; and filled if they presented amalgam, resin, or prosthetic crowns. The sum of the 
decayed, missing, and filled teeth (DMFT) was calculated as the DMFT index.
20 
 
To score quality of prostheses from AD subjects, an index proposed by Rise 
(1979) was applied by a single trained prosthetist.
21 
In summary, this index assigns scores 
from 0 to 3 to each denture characteristic, such as retention, stability, presence of defects and 
soft tissue injuries, denture material, and occlusion. The maximum possible score is 13, and 
higher scores indicate poorer denture quality. Scores were assigned for upper and lower 
prostheses, which were also analyzed together to create a total score. Prostheses are 
considered satisfactory if the total score is zero, and unsatisfactory grade I if summing 1 to 3 
points, grade II if summing 4 to 7 points, and grade III if summing 8 to 13 points. 
GOHAI assessment  
Patient and caregiver assessment of oral health problems was evaluated using the 
GOHAI Index,
7
 in its validated Portuguese version.
22 
Two experienced examiners 
administered the GOHAI questionnaire separately to AD patients and their caregivers during 
the first visit.  Subjects were asked to respond using a 3-point scoring scale (always, 
sometimes, or never) regarding the presence of the twelve GOHAI items over the previous 
three months; responses were scored as 1, 2, or 3 points.
7
 The total GOHAI score, calculated 
by summing the item scores, could range from 12 to 36 and was ranked as low (≤30), 
moderate (31 to 33), or high (34 to 36) category.
7
 High GOHAI scores indicate a positive self-
perception of oral health, and lower GOHAI scores reflect more self-reported oral health 
problems and should be correlated with poorer oral health.
7
 To increase the chances of 
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obtaining a more reliable self-report,
11
 care was taken with AD patients while administering 
the questionnaire, including speaking slowly and using active listening.
10,23
  All volunteers 
were evaluated at Dental School.  
After all subjective and objective evaluations, AD patients received general and/or 
prosthodontic dental treatment, according to their individual needs. 
Statistical analysis 
Data showed a non-parametric distribution and were analyzed by Wilcoxon 
signed rank test and qui-square to identify group differences between AD patients and 
caregivers in GOHAI total score. In addition, GOHAI total scores and item/questions scores 
were also subjected to Cronbach’s alpha correlations to determine concordance indices. 
Spearman’s correlation was used to compare GOHAI scores and prostheses quality indices. 
All analyses were performed using SAS version 9.3 (SAS Institute, Inc., Cary, North 
Carolina) with a significance level of 5%. 
 
Results 
Demographic data for AD patients and caregivers are shown in Table 1, including 
age, educational level, MMSE score, monthly income, DTMF, number of teeth, time using 
prostheses, and type of prostheses. The absence of teeth was a remarkable characteristic in 
AD patients. The majority of patients was completely edentulous and wore dentures in both 
dental arches. The partially edentulous patients retained very few teeth, averaging fewer than 
five. The caregiver group was mostly fully dentate and the partially dentate have few missing 
teeth. 
 
Table 1. Sociodemographic and oral characteristics of AD subjects and caregivers. 
Parameter AD subjects Caregivers 
Age (years) 76.7 ± 6.3 51.7 ± 11.1 
MMSE  16.63 ± 5.46 28.12 ± 2.86 
Educational level (years) 4.31 ± 5.41 11.50 ± 4.83 
Monthly income (real minimum wage) 2.41 ± 2.27 3.82 ± 2.38  
Edentulous  68.75 12.25 
Partially edentulous  31.25 31.25 
Fully dentate 0 56.25 
CD in both jaws 50.00 6.25 
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CD and RPD  6.25 6.25 
RPD only 12.5 25.00 
Maxillary CD only 12.5 0 
Maxillary CD and mandibular overdenture 6.25 6.25 
Maxillary overdenture and mandibular RPD 6.25 0 
Number of teeth  4.31 ± 6.82 20.75 ± 9.89 
DMFT  25.81 ± 4.61 15.81 ± 6.40 
Time using maxillary prostheses (years) 9.56 ± 9.24 3.28 ± 1.70   
Time using mandibular prostheses (years) 9.33 ± 9.70 3.14 ± 1.95 
Data represent mean ± standard deviation or frequency (%).  CD, complete denture; DMFT, 
decayed, missing, and filled teeth; MMSE, Mini-Mental State Examination; RPD, removable 
partial dentures. 
 
Quality of upper and lower prostheses
21
 of AD patients, as evaluated by researcher 
is presented in Table 2. The mean Rise index was low for all issues evaluated, demonstrating 
that prostheses were considered as grade I unsatisfactory.   
 
Table 2. Quality indices for upper and lower prostheses in AD patients according to Rise’s 
criteria. 
Parameter Upper denture Lower denture Upper and lower 
Defects 0.65 ± 0.70 0.41 ± 0.62 0.53 ± 0.66 
Retention 0.59 ± 0.80 0.76 ± 0.44 0.68 ± 0.64 
Stability 0.88 ± 0.86 0.88 ± 0.70 0.88 ± 0.77 
Denture material 0.35 ± 0.49 0.29 ± 0.47 0.32 ± 0.47 
Occlusion 0.35 ± 0.49 0.35 ± 0.49 0.35 ± 0.49 
Denture-related mucosal 
lesions 
0.24 ± 0.66 0.00 ± 0.00 0.12 ± 0.48 
Total 2.71 ± 2.34 2.71 ± 1.79 2.71 ± 2.05 
Values represent mean ± standard deviation. Scores can range from 0 to 13. 
 
Table 3 shows Cronbach’s alpha coefficients for GOHAI total score and for each 
of the twelve items, as well as divided by its domains. AD patients and their caregivers 
reported similar GOHAI total scores considering numeric (P = 0.262) and category analysis 
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(high, moderate or low) (P = 0.909). Concordance between patient and caregiver scores was 
excellent (α ≥ 0.9) for items 3, 6, 7, and 8; good (0.7 ≤ α ≤ 0.9) for total score and items 5, 9, 
and 11; acceptable (0.6 ≤ α < 0.7) for items 10 and 12; and poor (0.5 ≤ α < 0.6) for items 1, 2, 
and 4. Physical domain presented unacceptable correlation (α < 0.5).  
 
Table 3. GOHAI data obtained from AD patients and their caregivers total score, by item and 
by domain. 
 Group  
GOHAI item AD patients Caregivers Cronbach’s α 
Total Score 34.38 ± 2.33 32.94 ± 3.45 0.71 
Physical domain 2.89 ± 0.36 2.69 ± 0.53 0.40 
1. How often did you limit the kinds or 
amounts of food you eat because of 
problems with your teeth or dentures? 2.88 ± 0.34 2.63 ± 0.62 0.57 
2. How often do you have trouble biting 
or chewing any kinds of food, such as 
firm meat or apples? 2.81 ± 0.54 2.56 ± 0.51 0.58 
3. How often were you able to swallow 
comfortably? 3.00 ± 0.00 3.00 ± 0.00 1.00 
4. How often have your teeth or dentures 
prevented you from speaking the way 
you wanted? 2.88 ± 0.34 2.56 ± 0.63 0.52 
Psychosocial domain 2.91 ± 0.33 2.91 ± 0.33 0.64 
6. How often did you limit contacts with 
people because of the condition of your 
teeth or dentures? 2.94 ± 0.25 2.94 ± 0.25 1.00 
7. How often were you pleased or happy 
with the looks of your teeth and gums or 
dentures? 2.81 ± 0.54 2.88 ± 0.50 0.94 
9. How often were you worried or 
concerned about the problems with your 
teeth, gums, or dentures? 3.00 ± 0.00 2.88 ± 0.34 0.70 
10. How often did you feel nervous or 2.88 ± 0.34 2.88 ± 0.34 0.60 
27 
 
 
self-conscious because of problems with 
your teeth, gums, or dentures? 
11. How often did you feel 
uncomfortable eating in front of people 
because of problems with your teeth or 
dentures? 2.94 ± 0.25 3.00 ± 0.00 0.81 
Pain / discomfort domain 2.81 ± 0.49 2.73 ± 0.57 0.65 
5. How often were you able to eat 
anything without feeling discomfort? 2.75 ± 0.58 2.56 ± 0.63 0.75 
8. How often did you use medication to 
relieve pain or discomfort from around 
your mouth? 2.88 ± 0.50 2.81 ± 0.54 0.94 
12. How often were your teeth or gums 
sensitive to hot, cold, or sweets? 2.81 ± 0.40 2.81 ± 0.54 0.61 
Data represent mean ± standard deviation. GOHAI, Geriatric Oral Health Assessment Index. 
 
Correlations between patient and caregiver reported GOHAI and prostheses 
quality indices were not significant (P < 0.05) for upper, lower and overall denture scores. 
 
Discussion 
This investigation aimed to compare how OHRQoL is perceived by mild AD 
patients and by their caregivers, using the validated questionnaire GOHAI. Our results 
demonstrated that GOHAI index obtained from individuals with mild AD and their caregivers 
were similar. However, some GOHAI items, such as those related to speaking, biting, and 
amount of food eaten, showed poor correlations between AD patient and caregiver ratings. 
In the current study, sociodemographic data obtained from AD patients and their 
caregivers are consistent with previous studies.
5,17,24 
 Regarding to oral heath AD patients 
showed tooth loss as a remarkable characteristic.  This finding agrees with previous studies on 
patients with dementia.
17,24 
 
In respect to prostheses quality, our results showed that the AD patients’ dentures 
were slightly unsatisfactory, according to Rise criteria.
21 
 This finding is in contrast to that 
obtained by Ribeiro et al.,
17 
who found markedly unsatisfactory prostheses used by AD elders 
compared to healthy ones.  Although, the last was the only study assessing prostheses quality 
in AD patients,
17 
their AD sample included patients at all levels of AD, which may explain 
28 
 
 
these differences, since worsening of the disease also worsens oral health conditions.
24 
In 
addition, the prostheses quality rating was performed by different methods, which could help 
explaining our data. 
It has been assumed that patients with AD would not be able to provide self-
reports on their own QoL due to the degenerative nature of their disease.
11 
However, our 
evidences showed that the majority GOHAI indices obtained from mild AD patients and their 
caregivers were similar.  Our finding is corroborated by previous studies,
5, 25-26
 which also 
pointed that mild to moderate cognitive impaired elders have provided self-perception of 
health in same way of their caregivers. It is important to emphasize that  the GOHAI index 
was administered to our AD subjects, according to de Vries recommendations
10
 to improve 
comprehension and do not induce responses. In addition, caregivers who participated in the 
study were mostly daughters, followed by wives, and daughters are believed to be the best 
respondents among caregiver types.
13 
The GOHAI items that had lower concordance values between patient and 
caregiver responses were related to the physical domain, involving speech and mastication, 
and sensibility to hot or cold of AD subjects. Patients with dementia have increased thresholds 
for pain tolerance,
25 
which can affect their perception of pain, discomfort or temperature 
sensibility. Furthermore, AD patients and caregivers may notice loss of speech and/or 
chewing ability differently.
26 
Therefore, difficulty with speech or chewing may occur due to 
the disease itself
23
 and not necessarily due to problems with dentures or teeth, explaining 
these discrepancies. 
Our study did not find correlation between the objective measures of prostheses 
quality obtained by the researcher and the GOHAI index obtained from AD patients and their 
caregivers. These data support reports in the literature of differences between patient 
perception/self-report and clinical findings,
7,22 
and this perception may become more impaired 
by the disease. Furthermore, elders may overestimate their oral health state for believing that 
tooth loss, pain or discomfort are inevitable in old age.
 7,17,22
 
It is important to stress that GOHAI cannot be used to diagnose dental disease and 
should not be used in place of a clinical oral examination or dental radiographs, which 
provide objective measures of disease.
7
 However, GOHAI provides valuable information on 
oral symptoms, as well as psychosocial and functional problems being experienced by the 
individual. For the non-dentist provider, such as a geriatrician, it could serve as a means of 
systematically collecting information about a patient’s oral complaints to assist in deciding 
when a dental referral is appropriate.
7
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As a limitation, the present study assessed only patients in the mild level of the 
AD.  Thus, it can be hypothesized that different data could be obtained when evaluating 
moderate and/or severe disease stage.  Thereby, future investigation involving all levels of 
AD is required. Besides, assessment of OHRQoL in patients with cognitive impairment is an 
important and fruitful area for future investigation, as adults with cognitive impairment or 
behavior issues should not be excluded from geriatric dental studies.
27
 
 
Conclusion 
Mild AD patients assess and self-report their OHRQoL similarly to their main 
caregivers and those reports do not correlate with prostheses quality clinical measures. 
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ABSTRACT 
Alzheimer's disease (AD) is a neurodegenerative disorder that causes impairment of memory 
and other cognitive and intellectual functions. Tooth loss has been identified as a modifiable 
risk factor for the development of dementia in the elderly, and mastication is considered an 
important factor for maintaining cognitive function. This study compared the chewing 
function and correlated it to cognitive status of elderly diagnosed with mild AD (n=16, mean 
age 76.7 ± 6.3 years) and healthy controls (n=16, mean age 75.23 ± 4.4 years). All volunteers 
wore removable prostheses, being eleven totally edentulous and five partially edentulous in 
each group. Chewing function was evaluated via masticatory performance (MP) using the 
chewable test material Optocal and a sieve fractionation method.  The overall level of 
cognitive functioning was assessed by the Mini Mental State Exam (MMSE), administered 
directly to each patient by a previously trained examiner. Data were analyzed by non-paired t-
test and Pearson’s correlation with α = 0.05. Compared to controls, mild AD patients had 
decreased MP (P < 0.01) and MMSE (P = 0.01). MP showed negative moderate correlation 
with MMSE (r = -0.696). Mild AD was associated with impaired chewing function. 
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INTRODUCTION 
Alzheimer's disease is the leading cause of dementia affecting the elderly 
population (1), causing progressive decline of cognitive functions with consequent 
impairment of memory, learning and communication (2). Loss of functionality brings a great 
impact on the affected individuals, leading to loss of autonomy and need of assistance for 
performing activities of daily living (3). 
Cognitive decline is due to brain neurophysiological changes, such as diffuse 
cortical atrophy and loss of neurons, cell groups and synapses (3). Moreover, intraneuronal 
alterations are observed, including extracellular precipitations of the beta-amyloid protein and 
the formation of neuritic plaques (4–6). These changes take place in brain regions involved in 
learning, memory and emotional behavior (7), areas that are also known as related to chewing 
function (8,9). 
The causes and mechanisms that lead to dementia are not fully understood, but 
some risk factors have been identified (8,10,11), such as age, female gender, heritage, 
presence of ApoE e4 alele, education and occupation, depression, head trauma, alcohol abuse, 
atherosclerosis (10,12). Besides, epidemiological studies have indicated that a small number 
of teeth can be considered as a risk factor for the development of dementia (8). Experiments 
in animal models have related the loss of natural teeth to the decline in learning and memory 
functions (13,14). In addition, Onozuka et al. (1999) (15) reported a significant relationship 
between the decline of chewing function, the degeneration of neurons in the hippocampus and 
impairment of spatial memory in elderly mice. This neuron degeneration in the hippocampus 
has been identified as a possible cause for the age-related cognitive impairment (16).  
Clinical studies have found that the number of present teeth, the median occlusal 
contact area and the average value of maximum bite force are lower for elderly with cognitive 
impairment when compared to older adults with normal cognitive function (17,18). Studies 
also pointed an association between reduced number of teeth and increased risk of developing 
dementia (19–21) and AD (10,18). These data suggest that chewing is a medication-free and 
simple way of preventing senile dementia and other cognitive impairment associated 
disorders, such as AD (16)   
Chewing can be objectively assessed by several methods, such as bite force, 
mandibular movement’s pattern and chewing tests. Masticatory performance is a chewing test 
that evaluates how much the subject is able to grind a test food, natural or silicon made, after 
a standardized number of chewing cycles (22). The analysis of the degree of grinding may be 
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performed by visual method or sieve fractionation (22). However, there is no study on the 
objective measures of chewing in patients with dementia.  Reports have estimated that 
patients with impaired cognitive function have also an impaired chewing due to a fewer 
number of teeth compared to control groups (17,18), but how the cognitive impairment and 
chewing are related remains inconclusive.  
Considering that AD is still a disease with no cure and effective prevention (23), it 
is important to study possible involved risk factors. Thus, this study aims to objectively 
describe the masticatory function in terms of masticatory performance in elderly with AD, 
comparing to a cognitively preserved control group. 
 
MATERIAL AND METHODS 
Experimental design 
This cross-sectional study included two groups of elderly: with AD (n =16, 8 men 
and 8 women, 76.7 ± 6.3 years) and without AD (control, n =16, 8 men and 8 women, 75.23 ± 
4.4 years).  All volunteers should be elderly, partially or totally edentulous, removable 
prostheses users, and did not display signs or symptoms of temporomandibular disorder or 
parafunctional habits. Subjects were excluded if they had severe periodontal diseases, 
physical or cognitive limitations, other than AD. 
AD participants were selected from the Program of Cognitive and Functional 
Kinesiotherapy in Elderly with Alzheimer’s Disease (PRO-CDA) at Paulista State University 
“Julio de Mesquita Filho” (Rio Claro, São Paulo, Brazil).  Subjects were also recruited in the 
Alzheimer´s Brazilian Association (ABRAZ, Piracicaba, São Paulo, Brazil).  To be included 
in the AD group, subjects must present the mild stage of disease, diagnosed by a neurologist 
using the International Classification of Diseases (ICD-10), Diagnostic and Statistical Manual 
of Mental Disorders (DSM-IV), Mini-Mental State Examination (MMSE), and Clinical 
Dementia Rating (CDR). Individuals were required to have a CDR score of 1.0 or less, 
indicating that any cognitive impairment present did not exceed the level of mild dementia 
(24).  
Control group was composed of elders seeking for prosthetic treatment at 
Piracicaba Dental School, University of Campinas. All controls subjects ought to be absent of 
AD or any other form of dementia, and could not suffer from major depression or any other 
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mood disorder. Each group was composed by 11 totally and 5 partially dentate subjects. 
Flowchart of the process of selecting patients is shown in figure 1. 
The research protocol was approved by the Ethics Committee of Piracicaba Dental 
School (#43/2013), University of Campinas. Patients, their families or legal representatives 
provided signed written informed consent. 
 
 
Clinical procedures 
Clinical examinations were performed to objectively assess oral health of all 
subjects. The clinical examination was performed using a probe, mouth mirror, and flashlight 
to evaluate each subject’s teeth, removable prostheses, and presence of oral pathologies, such 
as ulceration and prosthetic stomatitis. Sociodemographic data relating to educational level 
and monthly family income were also collected during anamneses.  
After, all study participants received a general dental treatment addressing their 
individual needs, including periodontal and dental care for remaining teeth. In order to 
standardize the prosthetic and oral conditions, all volunteers received new maxillary and 
mandibular dentures, which were prepared with acrylic resin according to conventional 
technique. One experienced dental technician performed all procedures. Occlusal denture 
support was established through the first molars, and a bilateral balanced occlusal scheme was 
used. Cobalt-chromium alloy (Dentorium; Labordental) was used to process removable partial 
dentures frameworks. The design consisted of a major bar, rests and clasp retainers according 
Figure 1 - Flowchart of patient recruitment. 
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to support tissues and remaining teeth of each subject. All prostheses were adjusted according 
to individual subject needs. Following a 2-month adaptation period with the new prostheses, 
subjects had their masticatory performance evaluated. 
 
Masticatory performance 
Optocal artificial test food based on Optosil polydimethylsiloxane putty (Optosil 
Comfort, Heraeus Kulzer) was used to prepare cubes measuring 5.6 mm on each edge (25,26). 
Portions of 17 cubes (approximately 3.7 g) were offered to the subjects, who were instructed 
to chew them in a habitual manner. After 40 chewing strokes, counted by the examiner, the 
particles were spited on a paper filter sitting in a glass container, and the patients rinsed with 
200 mL of water to complete cleansing of the oral cavity. The comminuted particles were 
recovered and dried at room temperature for 1 week and then sieved in a sieving machine 
(Bertel Indústria Metalúrgica) through a stack of up to 10 sieves for 20 minutes using mesh 
sizes gradually decreasing from 5.6 to 0.5 mm. The particles retained on each sieve and in the 
bottom pans were weighed on a 0.001g analytical balance (Mark, BEL Engineering). 
Masticatory performance was determined according to the median particle size (X50) 
calculated using the Rosin-Rammler cumulative function (27). High values of X50 
demonstrate more difficulty to grind the test food material, evidencing an impaired chewing 
function. 
Instructions were provided to all patients prior to starting the test and reinforcing 
instructions were given throughout the test to AD subjects.  
 
Mini mental state exam 
The overall level of current cognitive functioning of subjects from both groups 
was assessed by the MMSE (28).  It was administered directly to each patient by a previously 
trained examiner during the research initial consultation. This instrument consists of questions 
grouped into seven categories, each of them designed with the objective of evaluating specific 
cognitive abilities: time orientation (5 points), spatial orientation (5 points), 3 word record (3 
points), attention and calculation (5 points), recall of three words (3 points), language (8 
points) and visual constructive capacity (1 point). The MMSE score can range from a 
minimum of 0 to a maximum total of 30 points, with lower scores indicating greater cognitive 
impairment.  In Brazil, the MMSE was translated by Bertolucci et al. (1994) (29), that also 
demonstrated that the cutting point of 23/24 shows excellent sensitivity and specificity for the 
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diagnosis of dementia. Volunteers in control group were excluded if presenting a MMSE 
result above that cutting point. 
 
Statistical analyses 
Data were normally distributed according to Shapiro-Wilk test. Thus, T-test was 
performed to compare control and AD groups. Pearson correlation was performed to verify 
the presence of correlation between masticatory performance and cognitive status. Power of 
all performed tests was also calculated. All analyses were performed using SAS version 9.3 
(SAS Institute, Inc., Cary, North Carolina), with a significant level of 5%.  
 
RESULTS 
Sociodemographic data were collected and the patients had educational level of 
4.31 ± 5.41 years in the AD group and 4.05 ± 3.20 years in the control group. The monthly 
family income was 2.41 ± 2.27 real minimum wage in the AD group and 2.69 ± 2.66 in the 
control group. 
Comparisons of masticatory performance, expressed by X50 values, and MMSE 
between groups are presented in Table 1. Results evidence chewing and cognitive impairment 
in AD group.  
 
Table 1. Mean values (standard deviation) of masticatory performance (X50) and MMSE for 
each group. 
 Groups  
 AD Control P value Power β 
X50 6.36 ± 1.01 4.34 ± 1.16 <.001 >0.999 
MMSE 16.63 ± 5.46 26.85 ± 1.68 0.001 >0.999 
*T-test, α = 0.05. 
 
Pearson’s correlation between masticatory performance and cognitive parameters 
found r = -0.696 with significance lower than 0.001 and obtained power β = 0.83, meaning 
moderate negative correlation. Thus, the greater the MMSE score, the lower the X50 value. 
This suggests a more effective chewing function facing the maintained cognitive function. 
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DISCUSSION 
This unprecedented study aimed to find out possible association between 
masticatory function and cognitive status of elderly with mild AD by comparing results with a 
control group. It was found a moderate correlation, where cognitive impairment follows 
masticatory function decline. 
Elders of the present study presented sociodemographic characteristics 
comparable to previous reports (30,31), considering age, years of education, monthly income, 
MMSE scores, edentulism percentage and number of remaining teeth. The control group 
showed higher MMSE values, which is expected in a cognitively preserved population (32). 
Studies comparing AD patients to the healthy control group have found a more committed 
oral health in AD (30,31,33). However, different from previous studies, we have objectively 
assessed masticatory performance.  Thus, care was taken to select control and AD groups with 
the same types of prosthesis and number of teeth to avoid bias, since those aspects can 
influence chewing function (34).  
In regards to masticatory performance of AD subjects, previous studies found an 
impaired chewing function in patients with the disease, However, authors of the last studies 
have assumed that AD patient’s chewing was impaired due to dental conditions and the lesser 
number of remaining teeth (35,36), or by subjective measures (8), and did not measure 
chewing by objective tests. Although dental conditions strongly influence masticatory 
performance (34), our data show that chewing in mild AD individuals is impaired even when 
compared to elderly with similar age and oral characteristics, demonstrating a deleterious 
effect of the disease on mastication. Data of masticatory performance obtained from our 
control group are in agreement with previews studies evaluating totally or partially edentulous 
patients in the same age range (37,38). 
The association between tooth loss and reduction in masticatory function and 
cognitive decline in patients with AD has been demonstrated (9,10,21). The way that chewing 
stimulates brain areas related to memory, especially the hippocampus, is pointed out as a 
possible mechanism by which an efficient chewing prevents cognitive impairment (13–16). 
On the other hand, AD can influence masticatory function decline by reductions in muscle 
function and appetite, and presence of motor difficulties resulting from the disease (39). Thus, 
disease can worsen masticatory function, while the reduction of chewing function due to tooth 
loss lead to cognitive decline. 
In spite of a relatively small number of participants in the study, the power 
obtained in all tests was greater than 0.8 in all statistical tests. Moreover, high significance 
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was found, showing reliability of results. Thus, the cognitive impairment can negatively 
influence masticatory function. However, to conclude that the masticatory function brings 
prejudice to cognitive function, further studies with cohort character are required. 
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DISCUSSÃO 
 
O presente estudo se propôs a comparar a percepção da QVRSB sob a ótica do 
idoso com DA e do seu cuidador, bem como investigar uma possível associação entre a 
função mastigatória e o estado cognitivo de idosos com DA em grau leve, comparando os 
resultados com um grupo controle. Os resultados demonstraram que a percepção da QVRSB 
dos indivíduos com DA leve foi similar a de seus cuidadores. Foi encontrada uma correlação 
moderada entre mastigação e cognição, onde o prejuízo cognitivo acompanha o declínio da 
função mastigatória.  
Os idosos avaliados neste estudo apresentaram características sociodemográficas 
semelhantes à de estudos anteriores (Ribeiro et al., 2012; Ciccíu et al., 2013), considerando a 
idade, escolaridade, renda mensal, escores do MEEM, percentual de edentulismo e número de 
dentes remanescentes. O grupo controle apresentou valores mais elevados do MEEM, o que é 
esperado em uma população cognitivamente preservada (Uhlmann & Larson, 1991). A 
qualidade das próteses dos indivíduos com DA foi insatisfatória grau I no presente estudo, 
seguindo critérios de Rise para classificação da qualidade das próteses, em contraste com o 
único estudo prévio que avaliou a qualidade das próteses em pacientes com DA (Ribeiro et 
al., 2012), Entretanto, esse estudo (Ribeiro et al., 2012) incluiu todos os níveis da DA, o que 
pode explicar essas diferenças, uma vez que o agravamento da doença também piora as 
condições de saúde bucal (Ciccíu et al., 2013). Além disso, o estudo de Ribeiro e 
colaboradores avaliou a qualidade das próteses fazendo uso de uma metodologia diferente da 
utilizada no presente estudo. Ainda em contraste com estudos anteriores, aqueles que 
compararam idosos com e sem DA encontraram maior comprometimento da saúde bucal nos 
idosos com DA do que no grupo controle, ao contrário do nosso estudo (Black et al., 2012; 
Ribeiro et al., 2012; Ciccíu et al., 2013). No entanto, diferente dos estudos anteriores, no 
presente estudo havia a necessidade de controlar as condições de saúde bucal nos dois grupos 
para avaliar de forma objetiva a função mastigatória sem vieses relacionados a número de 
dentes e tipo de prótese (Hatch et al., 2001). 
A literatura aponta a dúvida em relação à capacidade de o idoso com DA auto 
avaliar dados subjetivos sobre sua própria saúde, como a qualidade de vida, em função da 
natureza da doença (Logsdon et al., 2002). Entretanto, a avaliação da percepção da QVRSB 
foi semelhante entre os pacientes com DA e seus cuidadores. Estudos anteriores (Black et al., 
2012; Closs et al., 2004; Pautex et al., 2005) também demonstraram que idosos com 
comprometimento cognitivo são capazes de fornecer relatos de auto-percepção em saúde. O 
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instrumento GOHAI foi utilizado para avaliar a QVRSB por ter sido desenvolvido para uso 
em idosos e ser vastamente utilizado na literatura. Os itens do GOHAI que apresentaram 
valores de confiabilidade mais baixos foram relacionados com as funções físicas, como a fala, 
mastigação e dor. Estas diferenças podem se justificar pelo aumento no limiar de dor que 
ocorre em pacientes com demência (Rainero et al., 2000), o que pode afetar sua percepção de 
dor ou desconforto. 
O presente estudo não encontrou correlação entre os dados subjetivos de 
percepção da QVRSB e os dados clínicos de qualidade das próteses. Estes resultados 
suportam relatos prévios na literatura sobre diferenças entre a percepção do paciente e dados 
clínicos (Kondo et al., 1994; Boretti et al., 1995). É importante salientar que o GOHAI não 
pode ser utilizado para substituir exames clínicos ou radiográficos (Kondo et al., 1994), no 
entanto, fornece informações valiosas sobre os sintomas orais, bem como problemas 
psicossociais e funcionais experimentadas pelo indivíduo. 
No que diz respeito à mastigação, estudos anteriores (Miura et al., 2003; 
Mummolo et al., 2014) encontraram uma função mastigatória deficiente em pacientes com 
DA. No entanto, estes estudos não realizaram testes objetivos para avaliar a mastigação, mas 
assumiram que a mastigação dos indivíduos com DA foi prejudicada devido a piores 
condições de saúde bucal e o menor número de dentes remanescentes do que o grupo controle 
(Miura et al., 2003; Lexomboon et al., 2008; Mummolo et al., 2014). Os nossos dados 
demostram que a mastigação em indivíduos com DA leve é prejudicada, mesmo quando 
comparado com um grupo controle de idosos com características orais similares, 
demonstrando um efeito deletério da doença na mastigação. A forma como a mastigação 
estimula áreas do cérebro relacionadas com a memória é apontada como um possível 
mecanismo pelo qual uma mastigação eficiente poderia previnir o comprometimento 
cognitivo (Onozuka et al, 1999; Ono et al., 2010; Oue et al., 2013; Oue et al., 2014). Por 
outro lado, a DA pode influenciar o declínio da função mastigatória pela redução do tônus 
muscular e do apetite, e por dificuldades motoras resultantes da doença (Kocaelli et al., 2002). 
Apesar de ser este um estudo com um número relativamente pequeno de 
participantes, o poder obtido em todos os testes estatísticos foi maior do que 0,8. Além disso, 
foi encontrada alta significância, mostrando confiabilidade dos resultados. Assim, o 
comprometimento cognitivo pode influenciar negativamente a função mastigatória. No 
entanto, para concluir que a função mastigatória traz prejuízo à função cognitiva, são 
necessários mais estudos com caráter de coorte. 
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CONCLUSÃO 
 
Os dados coletados no presente estudo indicam que pacientes com DA em grau 
leve fornecem relatos sobre sua QVRSB de maneira semelhante a seus cuidadores. A DA leva 
a redução da função mastigatória, havendo associação entre a performance mastigatória e o 
estado cognitivo. 
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ANEXOS 
ANEXO 1 – Certificado de aprovação do Comitê de Ética em Pesquisa da Faculdade de 
Odontologia de Piracicaba 
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ANEXO 2 – Geriatric Oral Health Impact Profile – GOHAI  
Componentes – Índice GOHAI (Atchison & Dolan, 1990; Atchison, 1997; Silva & 
Castellanos-Fernandes, 2001) 
Nos últimos três meses... Quantas vezes você... Sempre 
(1) 
Ás vezes 
(2) 
Nunca 
(3) 
1. Diminuiu a quantidade de alimentos ou mudou o tipo de 
alimentação por causa de seus dentes ou próteses? 
   
2. Teve problemas para mastigar os alimentos?    
3. Teve dor ou desconforto para engolir os alimentos?    
4. Mudou o jeito de falar por causa dos problemas de sua 
boca? 
   
5. Sentiu algum desconforto ao mastigar algum alimento?    
6. Deixou de encontrar com outras pessoas por causa de sua 
boca? 
   
7. Sentiu-se satisfeito ou feliz com a aparência de sua boca?    
8. Teve que tomar remédio para passar alguma dor ou 
desconforto na boca? 
   
9. Teve problemas na boca que o deixou preocupado?    
10. Chegou a se sentir nervoso por causa de problemas 
na sua boca? 
   
11. Evitou comer junto com outras pessoas por causa dos 
problemas na sua boca? 
   
12. Sentiu seus dentes ou gengivas ficarem sensíveis a 
alimentos ou líquidos? 
   
 Total: 
 Índice GOHAI 
 Alto: 34 a 36 
 Moderado: 33 a 31 
 Baixo: <30 
 (Silva et al., 2005) 
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ANEXO 3 – Critérios para avaliação das próteses totais e parciais removíveis 
(Rise, 1979) 
 
As próteses serão avaliadas de acordo com o sistema descrito por Rise (1979) 
considerando 6 indicadores: defeitos na prótese, material da prótese, estabilidade, retenção, 
oclusão e condição dos tecidos moles. Caso estejam satisfatórios, estes receberão escore 0; 
caso contrário, o escore será atribuído de acordo com criteriosa descrição a seguir. 
Defeitos na prótese:  
a) Pequenos defeitos – serão considerados como pequenos defeitos a ausência ou fratura de 
1 a 2 dentes artificiais; perda de até 1 cm
2 
de área da base; fratura de até 2 cm de 
comprimento ou subextensão da base na área de selamento posterior, da tuberosidade 
e/ou na papila retromolar. Caso presente será atribuído escore 1. 
b) Grandes defeitos – ausência ou fratura de 3 ou mais dentes, perda de mais de 1 cm2 de 
área da base da prótese, fraturas de mais de 2 cm de comprimento, próteses imediatas sem 
a borda labial e/ou dois pequenos defeitos serão considerados como grandes defeitos e 
receberão escore 2. 
c) Defeitos graves – compreendem defeitos graves e receberão escore 3, as próteses que 
apresentarem fratura total e/ou mais de um grande defeito. 
Material da Prótese 
Esse indicador será considerado como insatisfatório recebendo escore 1 caso uma 
ou mais das seguintes condições estejam presentes: ou porosidades em mais de 1/3 da base da 
prótese, reembasadores temporários e deficientes e/ou presença de biofilme e/ou cálculo.  
Estabilidade 
A avaliação clínica da estabilidade será feita, por meio da apreensão da prótese 
com o polegar e o indicador, no seu segmento lateral, e está será pressionada levemente contra 
os tecidos; a estabilidade será considerada insatisfatória caso a linha média se desloque mais 
de 5mm e será atribuído escore 2.  
Retenção 
Será considerada insatisfatória se, com a abertura moderada da boca, a prótese 
deslocar-se e neste caso, será atribuído escore 3 para esse indicador. 
Oclusão 
Será avaliada por meio da inserção de uma espátula metálica entre as superfícies 
oclusais. Para ser considerada satisfatória, a(s) prótese(s) deverá ter três pontos de contatos 
em oclusão cêntrica; caso contrário, será considerada como insatisfatória recebendo escore 2. 
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 Condição dos tecidos mole 
Será observada a presença de ulcerações relacionadas à prótese, estomatite 
protética e/ou queilite angular. O número de lesões será registrado independente do tipo; caso 
haja presença de uma lesão, será atribuído escore 1 e havendo mais de uma, escore 2. 
Após a atribuição dos escores, estes serão somados e a prótese será classificada 
em graus de acordo com o quadro 1. Caso as próteses superior e inferior apresentem escores 
diferentes, será considerado, para o paciente, o maior. 
 Quadro 1 – Condições da prótese de acordo com o somatório dos escores. 
Condição da prótese Somatório Grau 
Satisfatória 0 Grau 0 
Insatisfatória 
1-3 Grau I 
4-7 Grau II 
8-13 Grau III 
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ANEXO 4 – Ficha para avaliação da condição das próteses totais e parciais removíveis 
(Rise, 1979) 
 
DEFEITOS NA PRÓTESE 
Tipo de defeito Ausente (0) Pequeno (1) Grande (2) Grave (3) 
Ausência de dentes 
artificiais 
 (  ) 1 a 2 dentes (  ) 3 ou mais 
(  ) total 
Fratura de dentes 
artificiais 
 (  ) 1 a 2 dentes (  ) 3 ou mais 
Perda da área da base  (  ) até 1cm
2
 (  ) mais de 1cm
2
 
Fratura da prótese  (  ) até 2cm (  ) mais de 2cm 
Subextensão da base  (  ) selamento posterior 
  (  ) tuberosidade 
  (  ) papila retromolar 
Próteses imediatas   (  ) sem a borda 
labial (  ) mais de 1 grande 
defeito    (  ) 2 pequenos 
defeitos 
 
MATERIAL DA PRÓTESE 
 SATISFATÓRIO (0) INSATISFATÓRIO (1) 
Porosidade: 
 
  (   ) mais de 1/3 da base 
da prótese 
Reembasadores temporários:  (  ) deficiente 
Biofilme e/ou cálculo:  (   ) biofilme   (   ) cálculo 
 
ESTABILIDADE 
 SATISFATÓRIO (0) INSATISFATÓRIO (2) 
Deslocamento da linha 
média: 
  (   ) menos de 5mm  (   ) mais de 5mm 
 
RETENÇÃO 
 SATISFATÓRIO (0) INSATISFATÓRIO (3) 
Abertura moderada da boca:   (   ) deslocamento da prótese  
 
OCLUSÃO 
 SATISFATÓRIO (0) INSATISFATÓRIO (2) 
Inserção de espátula metálica 
entre as superfícies oclusais:  
  (   ) 3 pontos de contatos em 
oclusão cêntrica 
  
 
 
 
CONDIÇÃO DOS TECIDOS MOLES 
 SATISFATÓRIO (0) INSATISFATÓRIO 
  (1) (2) 
Ulcerações relacionadas à 
prótese (   ) 
   (   ) ausentes (   ) 1 lesão 
 
(  ) mais de 1 
lesão 
Estomatite protética (   )    (   ) ausentes (   ) 1 lesão (  ) mais de 1 
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 lesão 
Queilite angular (   )    (   ) ausentes (   ) 1 lesão 
 
(  ) mais de 1 
lesão 
Outras:__________________    (   ) ausentes (   ) 1 lesão 
 
(  ) mais de 1 
lesão 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Somatório da 
condição da prótese 
 
Condição da 
prótese 
Somatório Grau 
Satisfatória 0 Grau 0 
Insatisfatória 
1-3 Grau I 
4-7 Grau II 
8-13 Grau III 
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ANEXO 5 – Mini-exame do estado mental (MEEM) 
(Folstein et al., 1975; Bertolucci et al., 1994) 
 
ORIENTAÇÃO 
 
Dia da semana (1 ponto) (         ) 
Dia do mês (1 ponto) (         ) 
Mês (1 ponto)   (         ) 
Ano (1 ponto)  (         ) 
Hora aproximada (1 ponto)  (         ) 
Local específico (aposento ou setor) (1 ponto) (         ) 
Instituição (residência, hospital, clínica) (1 ponto)  (         ) 
Bairro ou rua próxima (1 ponto) (         ) 
Cidade (1 ponto)  (         ) 
Estado (1 ponto)  (         ) 
MEMÓRIA IMEDIATA  
Fale 3 palavras não correlacionadas. Posteriormente pergunte ao paciente sobre as 3 
palavras. Dê um ponto para cada resposta correta. (carro, casa, bonito)   ..           (        )  
              Depois repita as palavras e certifique-se de que o paciente aprendeu, pois mais 
adiante você irá pergunta-las novamente. 
ATENÇÃO E CÁLCULO 
100 – 7 (         ) 
93 – 7 (         ) 
86 – 7 (         ) 
79 – 7 (         ) 
72 – 7 (         ) 
EVOCAÇÃO  
Pergunte ao paciente pelas 3 palavras ditas anteriormente 
 (1 ponto por palavra) 
(         ) 
LINGUAGEM  
Nomear um relógio e uma caneta (2 pontos)  (         ) 
Repetir “Nem aqui, nem ali, nem lá” (1 ponto)  (         ) 
Comando: “Pegue este papel com a mão direita, dobre ao meio e coloque    
no colo” (3 pontos) 
(         ) 
Ler e obedecer: “feche os olhos” (1 ponto)  (         ) 
Escrever uma frase (1 ponto) (         ) 
Copiar um desenho (1 ponto)  (         ) 
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ANEXO 6 - Figuras 
 
Figura 1- Confecção de cubos de Optocal com 5,6mm de aresta, utilizando-se matriz 
metálica. 
 
 
Figura 2 - Porção contendo 17 cubos de Optocal em um total de 3,7g. 
 
 
Figura 3 - Material teste artificial triturado. 
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Figura 4 - Sistema de peneiras acopladas ao agitador  (Bertel Indústria Metalúrgica Ltda., 
São Paulo, Brasil). 
 
 
Figura 5 - Material retido nas peneiras de diferentes tamanhos de abertura. 
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ANEXO 7. Protocolo de submissão de artigo ao periódico Special Care in Dentistry. 
 
 
